Abstract. Higgs singlet superfields, usually present in extensions of the Minimal Supersymmetric Standard Model (MSSM) which address the µ-problem, such as the Next-to-Minimal Supersymmetric Standard Model (NMSSM) and the Minimal Nonminimal Supersymmetric Standard Model (mnSSM), can have significant contributions to B-meson flavour-changing neutral current observables for large values of tan β > ∼ 50. Illustrative results are presented including effects on the B s and on the rare decay B s → µ + µ − . In particular, we find that in the NMSSM, the branching ratio for B s → µ + µ − can be enhanced or even suppressed with respect to the Standard Model prediction by more than one order of magnitude.
INTRODUCTION
The superpotential of the MSSM contains a bilinear term, µĤ 1Ĥ2 , that couples the two Higgs-doublet superfields. Although successful electroweak (EW) symmetry breaking implies that µ must be close to M SUSY , µ can generally be driven to M GUT or M Planck by supergravity quantum effects. This theoretical tension is referred to as the µ-problem of the MSSM [1, 2] .
We may instead replace the Higgs bilinear term with a trilinear coupling λŜĤ 1Ĥ2 , whereŜ is a new gaugesinglet Higgs superfield. An effective µ parameter is generated at the scale M SUSY whenŜ aquires a non-vanishing vacuum expectation value (VEV). Many mechanisms to break the undesirable U(1) PQ symmetry introduced by this proceedure have been discussed in the literature [3] and lead to distinct models, such as the Next-to-Minimal Supersymmetric Standard Model (NMSSM) [4, 5, 6, 7] and the Minimal Non-minimal Supersymmetric Standard Model (mnSSM) [8, 9] . If U(1) PQ is only weakly broken then the lightest CP-odd Higgs field A 1 of such models becomes a pseudo-Goldstone boson. Production of a light A 1 within the context of the NMSSM has been considered through the decays of SM-like Higgs fields [10, 11, 12] , in associated production with charginos [13] and in rare decays of Upsilon mesons [14, 15, 16] .
It has long been known that 1-loop threshold corrections can produce significant non-holomorphic Yukawa couplings in the MSSM at large values of tan β [17, 18, 19, 20] and FCNC effects on B-meson observables mediated by MSSM Higgs bosons have been well studied, e.g. [21, 22, 23] Most recently, it has been realized [24, 25] that analogous threshold corrections produce sizeable radiative Yukawa couplings for the singlet Higgs bosons in minimal extensions of the MSSM. Here we consider the effects of such light singlet Higgs bosons on FCNC observables within the MFV framework.
EFFECTIVE LAGRANGIAN
The effective Lagrangian describing the down-type quark self-energy transition Q 0 jL → d 0 iR may be written in a gauge-symmetric and flavour-covariant form as
In (1) the first term is the tree level contribution, whilst ∆h d is a 3 × 3 matrix which is a Coleman-Weinberg effective functional of the background Higgs fields Φ 1,2 and S. The detailed form of ∆h d is given in [25] . The interaction Lagrangian may be written in terms of the mass eigenstates as
where the Higgs couplings are given by [25] 
and g R
. O H and O A are the scalar and pseudoscalar mixing matrices respectively. The resummation matrix R d is defined by
where . . . indicates the VEV of the enclosed expression and the 3 × 3 matrices ∆
are evaluated according to the Higgs low energy theorem (HLET) [26] as
NUMERICAL RESULTS AND CONCLUSIONS
We assume the framework of MFV so that all flavour changing effects are proportional to the CKM matrix V.
In calculating the Higgs couplings, we have used the following benchmark values
with µ = 140 GeV and t β = 50 throughout. All points considered are consistent with the 2σ experimental bounds on B → X s γ.
To examine the effects of light singlet Higgs bosons within the mnSSM we take the parameters describing the tree-level Higgs sector (with µ and tan β ) to be
The mass scale of the singlet Higgs bosons, ∼ λ t S /µ, is allowed to vary. The singlet Higgs scalar and pseudoscalar are approximately degenerate due to a tree-level mass-sum rule [8] . (1) and (2) .
In Fig. 1 Turning to the NMSSM, the CP-odd and CP-even singlets are not in general constrained to have degenerate masses. There is typically only one light Higgs particle, the pseudo-Goldstone boson A 1 . There is no cancellation between the dominant Higgs field contributions to the Wilson coefficients as in the mnSSM. This forces us to assume a small singlet-doublet mixing angle cos θ A at large values of tan β . To examine FCNC observables within such a scenario, we take θ A and m A 1 to be free parameters in place of the soft-SUSY breaking trilinears A λ ,κ . In our resutls we use the following benchmark values;
In Fig. 3 we show the SUSY contribution to ∆M B s as a function of m A 1 . In this scenario the SUSY contribution (1) Figure 4 shows the branching ratio B(B s → µ + µ − ) as a function of the lightest pseudoscalar mass in the NMSSM. For small values of m A 1 the prediction exceeds the current 90% confidence limits. For a heavier singlet Higgs pseudoscalar, we observe that the presence of the singlet leads to a significant reduction in the branching ratio, which becomes suppressed by more than an order of magnitude compared to the SM prediction. Here the contribution of A 1 interferes destructively with the SMlike diagrams. It should be noted that such a large suppression is not possible in either the MSSM or mnSSM, since in both these models tree-level mass-sum rules prevent the appearance of isolated CP-odd Higgs bosons. As can be seen from the dot-dashed curve in Fig. 4 , the suppression is found to vanish when µA u flips sign, i.e. for A u = −2 TeV, since the leading SM and SUSY contributions interfere constructively in this case.
